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(54) Lead-free solder 

(57) A lead-free solder consisting of 1 to 4 wt% of 
Ag, either one or both of Bi and In of their respective 
amounts meeting the conditions that the value of expres- 
sion (1), A, is equal to or greater than 5.00 and that the 
value of expression (2), B, is equal to or less than 6.90, 
and Sn for the^alance: 

A = [Ag wt%] + 1 .23 [Bi wt%] + 0.52 [In wt%] (1) 

B = [Ag wt%] + 1 . 1 9 [Bi wt%] + 0.50 [In wt%] (2) 

This solder has a tensile strength and an elonga- 
tion as high as those of conventional Pb-Sn solder with- 
out containing neither lead nor cadmium which can 
cause environmental contamination. 
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DescriDtion 

BACKGROUND OF THE INVENTIC 

s a) Field of the Invention 

Sn slider^" ^ t0 ' ,6ad ' fre6 *** h3S meCh3niCal ™> e ' ties as « °< conventiona. Pb- 
b) Description of the Prior Art 
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SUMMARY OF THE INVENTION 

A = [Ag wt%] + 1 .23 [Bi wt%] + 0.52 [In wt%] (1) 
B = [Ag wt%] + 1.19 [Bi wt%] + 0.50 [In wt%] * (2) 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 for th^baTance^ ** r6,ati ° nShiP am « a " d Bi t0 be added whe " *• ^tent is 1 wt% (Sn 

forth^b^ 

« for th^baTancl) 0 " ^ re ' ati ° nShiP ^ ^ * ,n a " d Bi to be added whe " *• *° -ten, is 3 wt% (Sn 

for th^baTanVe) 0 " *" *~ aM « and H " to be added *• * content is 4 wt% (Sn 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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where expresses (1, and (2) represent the upper and lower boundary line's of the hSch^ealr! ^ 
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the value of evasion (2), B, i9 grater than 6.90, d the other hand, the elongati^^f the solder is lower tnan 30%. 

Since the solder of the prese^^ention may contain either one or both of Bi^^ln of the amounts as described 
above, it may be Sn-Ag-Bi or Sn-Ag-ln ternary alloy or Sn-Ag-Bi-ln quaternary alloy. 

When the solder is Sn-Ag-Bi ternary alloy without In, expressions (1) and (2) become as follows: 

A = [Ag wt%] + 1 .23 [Bi wt%] (V) 

B = [Ag wt%] + 1 .19 [Bi wt%] (2') 

From these expressions and the aforementioned range of Ag, the Bi content is greater than 0.81 wt% and smaller 
than 6.4 w%. 

If the Bi content is smaller than 0.81 wt%. the tensile strength of the solder is lower than 4.0 kgf/mrrR if greater than 
6.4 wt%, the elongation of the solder is lower than 30%. 

When the solder is Sn-Ag-ln ternary alloy without Bi. expressions (1) and (2) become as follows: 

A = [Ag wt%] + 0.52 [In wt%] (1 ••) 

B = [Ag wt%] + 0.50 [In wt%] (2 M ) 

From these expressions and the aforementioned range of Ag, the In content is greater than 1 .9 wt% and smaller 
than 12 wt%. 

If the In content is smaller than 1 .9 wt%. the tensile strength of the solder is lower than 4.0 kgf/mm*. If greater than 
12 wt%, the elongation of the solder is lower than 30%. However, it is preferable to set the upper limit of the In content 
to 4.0 wt% because In is expensive. 

When the solder is Sn-Ag-Bi-ln quaternary alloy, the Bi content is within the range of 0.81 to 5.0 wt% and the In 
content is within the range of 1.9 to 12 wt% from expressions (1) and (2) and the range of the Ag content. 

Examples 

Sn, Ag, Bi, In and Pb were weighed out to prepare compositions listed in Table 1 . each composition being 10 kg in 
total. These compositions were melted at 300 °C in an electric furnace in the air using a graphite crucilbe. After all metals 
had melted, the molten metals were thoroughly stirred to prevent the segregation caused by the gravity and cast into 
solder pieces of 10 mm in thickness using a mold of 150 mm x 60 mm with the height of 150 mm in inner dimensions. 
Test samples were cut from the bottom part of the solder pieces according to the JIS 4 standards with a machine, and 
their tensile strength and elongation were measured by the test method defined by the JIS Z2241 standards. The results 
are shown in Table 1 . The strength and the elongation of Pb-Sn eutectic solder and 3.5Ag-Sn solder are also shown in 



Table 1 





Chemical Coaposition(vt2) 


Tensile Strength 


elongation 
(%) 


Ag 


B i 


I n 


S n 


(kgf/«ii J ) 






0 


8 


Bal. 


4.1 


35.9 




1 


0 


9 


Bal. 


4.3 


34.2 




1 


0 


10 


Bal. 


4.5 


32.6 


E 


1 


0 


11 


Bal. 


4.7 


31.0 


X 


1 


I 


6 


Bal. 


4.1 


35.3 


a 


1 


i 


7 


Bal. 


4.3 


33.7 


m 


1 


1 


8 


Bal. 


4.5 


32.0 


P 


1 


1 


9 


Bal. 


4.7 


30.4 


1 


1 


2 


3 


Bal. 


4.0 


36.4 


e 


1 


2 


4 


Bal. 


4.2 


34.8 




1 


2 


5 


Bal. 


4.4 


33.1 




1 


2 


6 


Bal. 


4.6 


31.5 




1 


3 


1 


Bal. 


4.1 


35.9 




1 


3 


2 


Bal. 


4.3 


34.2 




1 


3 


3 


Bal. 


4.5 


32.6 




1 


3 


4 


Bal. 


4.7 


30.9 




1 


4 


0 


Bal. 


4.3 


33.7 




1 


4 


1 


Bal. 


4.5 


32.0 




1 


4 


2 


Bal. 


4.7 


30.3 






0 


6 


Bal. 


4.1 


36.1 






0 


7 


Bal. 


4.2 


34.4 




2 


0 


8 


Bal. 


4.4 


32.8 




2 


0 


9 


Bal. 


4.6 


31.2 




2 


1 


4 


Bal. 


4.1 


35.5 




2 


1 


5 


Bal. 


4.3 


33.9 




2 


1 


6 


Bal. 


4.5 


32.2 




2 


1 


7 


Bal. 


4.7 


30.6 




2 


2 


2 


Bal. 


4.2 


35.0 




2 


2 


3 


Bal. 


4.4 


33.3 




2 


2 


4 


Bal. 


4.6 


31.7 




2 


2 


5 


Bal. 


4.8 


30.0 




2 


3 


0 


Bal. 


4.2 


34.4 




2 


3 


1 


Bal. 


4.4 


32.8 




2 


3 


2 


Bal. 


4.6 


31.1 




2 


4 


0 


Bal. 


4.7 


30.5 




3 


0 


4 


Bal. 


4.0 


36.2 




3 


0 


5 


Bal. 


4.2 


34.6 




3 


0 


6 


Bal. 


4.4 


33.0 




3 


0 


7 


Bal. 


4.6. 


31.4 




3 


1 


2 


Bal. 


4.1 


35.7 




3 


1 


3 


Bal. 


4.3 


34.1 




3 


1 


4 


Bal. 


4.5 


32.4 




3 


1 


5 


Bal. 


4.7 


30.8 




3 




0 


Bal. 


4.2 


35.2 




3 




1 


Bal. 


4.4 


33.5 




3 


2 


2 


Bal. 


4.6 


31.9 




3 


2 


3 


Bal. 


4.7 


30.2 





Chemical Composition (vt%) 


Tensile Strength 


elongation 




Ag 


B i 


I n 


S n 


(kgf /mm 2 ) 


(%) 




3 


3 


0 


Bal. 


4.6 


31.3 




4 


0 


2 


Bal. 


4.0 


36.4 


E 


4 


0 


3 


Bal. 


4.2 


34.8 


X 


4 


0 


4 


Bal. 


4.4 


33.2 


a 


4 


0 


5 


Bal. 


4.6 


31.5 


m 


4 


1 


0 


Bal. 


4.1 


35.9 


P 


4 


I 


1 


Bal. 


4.3 


34.2 


1 


4 


1 


2 


Bal. 


■ 4.5 


32.6 


e 


4 


1 


3 


Bal. 


4.7 


31.0 




4 


2 


0 


Bal. 


4.5 


32.1 




4 


2 


i 


Bal. 


4.7 


30.4 




I 


0 


7 


Bal. 


3.9 


37.5 


C 


I 


0 


12 


Bal. 


4.9 


29.4 


o 




1 


5 


Bal. 


3.9 


37.0 


m 




1 


10 


Bal. 


4.9 


28.8 


P 


1 


2 


2 


Bal. 


3.8 


38.1 


a 


1 


2 


7 


Bal. 


4.8 


29.8 


r 


1 


3 


0 


Bal. 


3.9 


37.5 


a 


I 


3 


5 


Bal. 


4.9 


29.3 


t 


1 


4 


3 


Bal. 


4.9 


28.7 


i 


2 


0 


5 


Bal. 


3.9 


37.7 


V 


2 


0 


10 


Bal. 


4.8 


29.5 


e 


0 


1 


3 


Bal. 


3.9 


37.1 




2 


1 


8 


Bal. 


4.9 


29.0 


E 


2 


2 


1 


Bal. 


3.9 


36.6 


X 


2 


2 


6 


Bal. 


5.0 


28.4 


a 


2 


3 


3 


Bal. 


4.8 


29.5 


m 


2 


4 


1 


Bal. 


4.9 


28.9 


P 


3 


0 


3 


Bal. 


3.8 


37.9 


1 


3 


0 


8 


Bal. 


4.8 


29.7 


e 


3 


1 


1 


Bal. 


3.9 


37.3 




3 


1 


6 


Bal. 


4.9 


29.2 




3 


2 


4 


Bal. 


4.9 


28.6 




3 


3 


1 | 


Bal. 


4.8 


29.6 




4 


0 


1 


Bal. 


•3.8 


38.1 




4 


0 


6 


Bal. 


4.8 


29.9 




4 


1 


4 


Bal. 


4.9 


29.3 




4 


2 


2 


Bal. 


4.9 


28.8 




P b - 


■6 3 S 


n 




3.8 


30.0 




S n - 


•3. 5Ak 




2.0 


70.0 



It is known from Table 1 that the solder of the present invention has a tensile strength equal to or greater than 4.0 
kgf/mm2 and an elongation equal to or greater than 30% which are satisfactory mechanical properties to attain the object 
of the present invention. 

Thus, by the present invention as described above, a solder with mechanical properties as good as those of con- 
ventional Pb-Sn solder is provided. 
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• # 

1 . A lead-free solder consisting of 1 10 4 wt% of Ag. either one or both of Bi and In oflneir respective amounts meeting 
the conditions that the value of expression (1), A, is equal to or greater than 5.00 and that the value of expression 
(2), B, is equal to or less than 6.90. and Sn for the balance: 

A = [Ag wt%] + 1 .23 [Bi wt%] + 0.52 [In wt%] ( 1 ) 

B = [Ag wt%] + 1 . 1 9 [Bi wt%] +0.50 [In wt%] (2) 



2. The lead-free solder of claim 1 which is Sn-Ag-ln ternary alloy with the In content smaller than 4 wt%. 
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In CONTENT (wt%) 
Ag : 1 wt% (Sn: BALANCE) 
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In CONTENT (wt/) 
Ag: 2wt/o (Sn: BALANCE) 
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In CONTENT (wt%) 
Ag: 3wt% (Sn: BALANCE) 
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